Objective: The traumatic lesions of the trachea and the main bronchi appear to be rare, but as complications of the severe chest and neck injuries they require urgent surgical treatment. Unfortunately for the last few years the incidence of such traumas has increased. Methods: During the last 15 years we have treated 28 patients (20 male and eight female) with traumatic lesions of the tracheobronchial tree aged from 8 to 64 years. The tracheal lesions were predominantly iatrogenic caused by dif®cult endotracheal intubation. The lesions of the bronchi (12 of the main and three of the lobar) were caused mainly by blunt traumas (car accidents and falling from heights). Total disruption of the right main bronchus was observed in ®ve cases and of the left main bronchus ± in seven cases. Emergency operative treatment was performed in all patients within 6 to 12 h after the incident. Cervical approach was performed in eight patients and postero±lateral thoracotomy in the other cases. Results: We had one death in the early post, which was due to a severe trauma. Excellent and good results were obtained in 27 patients, which recovered well within 3 months and were followed up for periods ranging from 1 to 10 years. Conclusion: The traumatic lesions of the trachea and main bronchi require emergency surgical treatment. The proper choice of operative approach is largely dependent on the precise early diagnosis and on the determining of the exact location of the lesions. Operative tactics must aim at optimal preservation of the functional lung parenchyma and have to include reconstructive and plastic procedures. q
Introduction
The incidence of isolated or multiple severe chest traumas in common surgical practice has been increasing during the recent years [1±5] . The cases with lesions of the trachea and the main and large bronchi seem to be one of the most serious conditions in blunt and penetrating neck and chest traumas [6±8] . The brief historical observation con®rms that surgeons were acquainted with the problem more than a century ago. Nissen [23] and Sanger [9] reported the ®rst successfully performed surgical treatment through pneumonectomy of a delayed traumatic stricture of the main bronchus [9] . Grif®th reported the ®rst successful plastic operation of bronchial laceration [10] . Recently an increasing number of autopsy studies and of successfully treated patients with airway injury including a group of cases with iatrogenic lesions were reported [11±13] . Nevertheless the tracheo-bronchial injuries still represent a dif®cult curative problem [14, 15] . Some severe complications like empyema, ®stulas, mediastinitis and strictures of the trachea and main bronchi can develop because of late diagnosis [3, 7] . Here we would like to report the evaluation of our experience with diagnosing, selection of the surgical approach and the operative treatment of the tracheo-bronchial injuries. This study has been performed in order to help identify high-risk patients and to achieve an effective surgical treatment.
Patients and methods
At the Emergency Medicine institute`N.I. Pirogov', the Military Medical Academy and in cases of emergency in other hospitals 28 patients with traumatic lesions of the tracheo-bronchial tree were operated over a period of 15 years. Out of them only eight were female and the rest 20 were male aged between 8 and 64 years (average age -36 years).
Nine patients with iatrogenic lesions caused by the insertion of the endotracheal tube (in ®ve patients for thoracic operation and in four patients for abdominal surgery) were treated.
In two cases the tracheal lesion was due to a blunt chest trauma and in another two, to stab wounds. The lesions of the bronchi were due to blunt traumas in car accidents with acceleration and deceleration (six patients), crushing from heavy weight object (four patients) and falling from heights (®ve patients). The location, type and frequency of the tracheo-bronchial lesions are shown on Fig. 1 .
Associated injuries in our cases were a common occurrence because of the great magnitude of the trauma. The incidence of associated injuries and the most common complications in the patients with tracheo-bronchial lesions due to blunt chest trauma occurred as follows on Table 1 .
Requiring proper data for the type of the trauma and clinical examination were the ®rst methods used to con®rm the diagnosis. Clinical symptoms of the traumatic lesions of the trachea, main and segmental bronchi in our patients after a blunt chest trauma are shown on Table 2 . Pneumothorax was observed in 22 (78.6%) of our patients while in the rest of them deep cervical and mediastinal emphysema occurred.
Chest X-rays were a routine method of examination in all patients (Fig. 2) . CT Scan and EMRI were additional diagnostic methods in ®ve patients. The performed bronchography in six of our patients con®rmed the diagnosis without side effects (Fig. 3) . Early radiological signs indicating traumatic lesions of the airways were: total or tension pneumothorax ± 14 patients; multiple fractures of ribs ± 13 patients, especially including the ®rst three; deep cervical and chest surgical emphysema were observed in all patients in a different degree; mediastinal emphysema occurred in 12 patients. Direct evidence for bronchial ruptures was manifested with collapsed lung descending under the hilum, obstruction of the airways and a sleeve of air surrounding the bronchus.
Tracheobronchoscopy was performed on 21 of the patients. Recently this has become the routine diagnostic method in cases of major blunt chest trauma. The speci®c indications for bronchial endoscopy were any suspicion for airways injuries, refractory pneumothorax with ineffective thoracic drainage, traumatic hemoptysis, increasing surgical emphysema, mediastinal emphysema and deep cervical emphysema. Bronchoscopy was performed in eight cases as a guide, in order to avoid the risk of blunt intubation in the damaged airways. Thoracoscopy was performed only in four patients. In three of the cases undergoing thoracic operations the tracheal rupture was diagnosed intraoperatively after intubation with Carlens tube. The increasing mediastinal emphysema and unexpected air leak observed during the operation indicated a revision of the membranous part of the trachea. Twenty-one patients were operated in emergency from 3 to 12 h after the admission. The rest of the patients underwent surgery within 72 h because of poor general condition and late diagnosis. One patient was operated a week after the lesion because of the delay of the diagnosis in a provincial hospital.
In the cases with high tracheal lesions a cervical approach Fig. 1 . Location, type and frequency of the tracheo-bronchial lesions: tracheal injuries 11 patients; right main bronchus seven patients; left main bronchus ®ve patients; lobar bronchus three patients; bilateral one patient. From them: full lesion ten patients; partial lesions 18 patients (oblique -12 cases, longitudinal -9 cases, crosswise -7 cases). with partial sternotomy to the third intercostal space was undertaken (eight patients). In the cases with lesions in the lower third of the trachea we used a high postero-lateral right thoracotomy. A standard dorsal thoracotomy in the 5th inter-rib space was performed for bronchial ruptures. Major operations performed on the tracheo-bronchial tree:
1. Total reimplantation of the main or segmental bronchus ± 13 patients. Careful dissection of the trachea and injured main bronchi allows good approach and precise suturing. We apply two slings, above and under the lesion. On the membranous part of the trachea we place a continuos stitch with a traumatic`Vicril' 3/0. During the reimplantation of the bronchi we economically incise the edges of the torn bronchus and stitch the anastomosis with interrupted sutures.
Results
We obtained excellent results in 23 of the treated patients. Atelectasis of the lung in the early postoperative period after plastic reimplantation of the main bronchus developed in four patients. They made good recovery after bronchoaspiration and treatment with expectorants and bronchodilators.
There were no complications due to the operation. In the early postoperative period one patient died because of the severity of the multiple traumas, developing adult respiratory distress syndrome (ARDS).
In the late postoperative period local granulation in the place of the anastomosis appeared in three patients (3.4%), which were treated successfully with bronchoscopy and laser.
The rest of the patients were followed up for periods ranging from 1 to 10 years remaining well and with good respiratory function tests. 
Discussion
Unfortunately a rapid increase of disastrous road traf®c accidents and traumatic civilian fatalities have been reported recently [2,8,15±17] . In about 60±75% of them, injuries of the thorax are a major trauma factor. The injuries involving the airways are rare but have been observed with an increasing frequency for the last decade, not predominantly in autopsy studies but in cases treated in trauma centers. The iatrogenic lesions caused by endotracheal intubation continue to be the most common tracheal injuries in our practice. Although successful management of these injuries has been reported, they remain a life-threatening condition [18±20]. The successful outcome depends on the early assessment of the traumatic injuries of the chest and neck with high level of suspicion. Careful history of the nature of the trauma and a thorough examination should be suf®cient for a proper diagnosis. The persistent symptoms of shortness of breath, cyanosis, pain, cough, bloodspitting and tachycardia in the cases of severe chest trauma with fractured ribs, pneumothorax, and subcutaneous surgical emphysema are signi®cant enough to indicate lesion of the airways [6, 15] . Usually the clinical manifestation depends on the location and severity of the airway trauma. Refractory pneumothorax with continuos airleak from the chest or mediastinal drains with failure of the lung expansion and an increasing dyspnea is a very important symptom for a tracheo-bronchial lesion [21] .
Routine chest X-rays and bronchoscopy are suf®cient for proper diagnosis in more than 90% of the cases [20] .
The clinical presentation and radiological examination categorized two types of patients with airway lesions [6] . In the ®rst group the airway opens directly into the pleural cavity. In second type the pleural integrity is preserved and the airleak is sealed off by the mediastinum. Increasing subcutaneous emphysema starting from the neck, head and slipping down on the chest is typical for the second group classes.
The level, extent, type, and length of the lesion determine the proper surgical approach. The primary plastic reconstruction includes careful dissection, economy incision of the tracheal or bronchial edges and precise mucosa-tomucosa anastomosis. Recent surgical experience con®rms that early surgical therapy gives a mortality rate of about 5%, while among conservatively treated patients it is above 50% [22] . Trauma of the magnitude required to rupture an airway almost always causes pulmonary contusion. This requires a proper evaluation of the lung tissue before the plastic procedure. The lung resection is a method of choice when the tissue damage is irreversible.
A very important factor for determining the outcome is close collaboration between anesthesiologists and surgeons as a team.
The intensive care in the early postoperative period is of great importance. To ensure good recovery a prophylactic with broad-spectrum antibiotic, effective ventilation with tracheobronchial toilet and pain relieve are essential. [3, 13] 5. Conclusions ² The number of the emergency treated patients with isolated chest or multiple trauma and airways lesion has increased. ² The key for a successful outcome is a high level of suspicion for airway injuries in the cases of severe chest and neck trauma. ² The proper history of the trauma, examination, radiography and bronchoscopy give early diagnosis of the airways lesions and improve the outcome. ² The high frequency of serious associated injuries and the severity of chest trauma predict the ®nal outcome. ² The principles of the surgical treatment are based on an early operation. The plastic reconstruction includes adequate debridement and mucosa-to-mucosa anastomosis. This is possible when the lung parenchyma is preserved. Good functional results are obtained when the injuries are limited to the major airways.
